description of the various changes in such brains. Their investigations have shown that destructive processes in the central nervous system may not only occur in premature infants but also in babies after normal delivery at term. Anatomical examination of cases of birth injury shows that not only are hTmorrhages in various parts of the central nervous system frequent, but that other destructive processes (encephalomalacia, formation of cavities, &c.) also occur, especially in the areas of the brain from which the venous blood flows into the vena magna Galeni.
Kinnier Wilson (1940) stated that many problems regarding the connexion between birth injury and clinical syndromes have not been completely solved.
During the last two years the Central Institute for Brain Research at Amsterdam received the brains of 6 children in which signs of birth injuries were found, although these children were full-term and had been delivered without artificial aid. The material was studied in co-operation with Dr. C. de Lange, former Professor of Pediatrics in the University of Amsterdam. Four of these brains were investigated microscopically by Professor de Lange and myself, and we are still engaged on two others. In one of these, Case I, serial sections through various parts of the brain were made. I will start my demonstration with this case. CASE I.-Microcephaly with Subdural Hamatoma in the Parietal Region of Both Sides. Female. Normal, full-term delivery on November 29, 1945. Birth weight was 3,530 grammes. For some days the child was cyanosed, she had convulsions and the breathing was irregular. She was treated in hospital with oxygen and injections. X-rays of the skull revealed that the anterior fontanelle was small, the coronal sutures were almost invisible but the occipital sutures were wide. After a short time the child's condition improved and she was sent home. At the age of 2 months there were clonic contractions of the right arm and later of the muscles of the eyeballs and of other parts of the body. At the age of 5 months the child was readmitted to hospital. She was now a microcephalic idiot. She suffered from frequent epileptic fits, but was not paralysed. The knee-jerks were increased. There were no retinal changes. The radiological examination revealed the microcephaly but the base of the skull was normal. She did not react to light but slightly to acoustic stimuli.
There was no spontaneous nystagmus, but now and then convergent strabismus. There were no signs of meningitis, the arm reflexes were normal, the knee-jerks increased. The right frontal bone was trephined, but the child died some hours later.
Post-mortem (Professor H. T. Deelman).-A subdural himatoma in the parietal region of both sides was found. There was microcephaly with polygyria but no real congenital microgyria (figs. 1 and 2). The internal organs did not show any signs of congenital malformation. The weight of the cerebrum was 345 grammes. After cutting the brain in a frontal plane a marked reduction of the centrum semi-ovale was seen. This centrum and the cortex showed a slightly yellow colour.
Histology (The Institute).-The pia-arachnoid contained many cells, but perivascular infiltrations were not present and there was no real leptomeningitis. Some parts of the cerebral cortex were normal, but most of it was damaged. In the lateral part of the occipital lobe, for example, the cyto-architectonic structure was totally disturbed. Many cells and fibres were degenerated. In the AUG.-NEUROL. 1 604 Proceedings of the Royal Society of Medicine 28 white substance of the gyri many cells contained fat. In the cortex itself fat cells were also present filling up the walls of the blood-vessels or forming conglomerations in which the remnants of bloodvessels were visible. In several places these conglomerations were changed into so-called " pori", when the cells, filled up with lipoid substance, have been transported to the venous sinus. Now and then fat cells were seen in these pori. Fibrillar glia and astrocytes were present. Many portions of cerebral tissue were apparently isolated from the adjacent parts of the cortex. They were surrounded by a small layer of connective tissue originating from the wall of a blood-vessel. In various places such isolated pieces were lying together, giving the impression of a "cactus-formation" (fig. 3 ). In these isolated pieces chiefly neuroglia and blood-vessels were seen. Changes of similar intensity were seen in other parts of the cortex, but in many of these sections the pathological process was less pronounced. Usually a fibrillar gliosis was visible in the three upper layers of the cortex. As a rule several ganglion cells in deeper layers were still unimpaired, for example in the left motor area. The paraffin sections of the striate body and the cerebellum did not show any alterations. The sections of the medulla through the level of the maximal development of the inferior olives might be regarded as normal. The pyramidal tracts for instance were well formed, showing myelinization in accordance with the age of the child.
Serial sections were made through the striate bodies, the optic thalamus with the surrounding pallium. The left half of the cerebrum was alternatively stained with Weigert-Pal and van Gieson, .
-1 --29 Section of Neurology 605 the right half with Nissl and here and there with htamatoxylin-eosin. Further serial sections were made through the right occipital lobe and stained after Nissl. The cerebrum was very small, but there are no grounds for the assumption of a general or local congenital disturbance in development. There was, for instance, no heterotopia, so frequently seen in microcephaly, neither was any evidence of an encephalitis found. The primary destruction was seen only in the pallium, not in the deeper structures of the brain ( fig. 4 ). Chiefly the dorsal and lateral parts of the neopallium were affected. The archipallium and the palhopallium were normal. The centrum semi-ovale was reduced in size by loss of many fibres. The corpus callosum was small and showed secondary degeneration of fibres. Of the deeper situated parts of the brain it might be stated that the striate bodies, the hypo-, epiand sub-thalamus, the capsula interna and the region of the nucleus ruber were unchanged. In the neo-thalamus the medial nucleus, the dorsolateral nucleus and the pulvinar showed retrograde degeneration of cells with secondary increase of glia in many places. The other thalamic nuclei might be regarded as normal.
From this demonstration it will be clear that several pathological changes must be regarded as the direct consequence of the traumatic action with asphyxia at birth. This trauma must have been rather severe, as is proved by the existence of the subdural hematoma in both parietal regions. The alterations, however, were not limited to the parietal regions, but extended much further over the hemispheres.
The polygyria and microgyria were not caused by a congenital malformation, for destruction and shrinking of the various layers of the cortex were found with secondary increase of neuroglia. In actual congenital microgyria, caused by a pathological development of the various cellular layers of the cortex, such shrinking is not seen.
The question arises whether the microcephaly may also be regarded as the result of the trauma at birth, because usually this abnormality is the result of arrest of cerebral development and of pathological processes during the fcetal life. I refer, for example, to the study of Greenfield and Wolfsohn (1935), in which two different forms of microcephalia vera, the agyric and the complex microgyric types, are described. In these brains several symptoms of malformation, especially heterotopia, were found. The fact that in our case the systematic examination of the brain in serial sections did not show any symptom of real malformation is a strong argument for the conception that here the microcephaly was of traumatic origin.
In his investigations on malformations of the brain Anton (1904) found that in microcephaly the projection fibres are frequently less involved in the process than the associative elements. Such a contrast is also plain in our observation. The pyramidal tracts and various neo-thalamic nuclei were not degenerated. We have dealt elsewhere with this question (Brouwer and de Lange, 1948 In this case, which was also spontaneously born at term, convulsions were seen from the beginning. The child was taken into the hospital with her mother, because the latter had complete rupture of the perineum. The child's head was retracted and the legs crossed. The day after admission gangrene and bullt appeared on the legs and the arms. At lumbar puncture the amount of protein in the spinal fluid was a little too high and several erythrocytes were found. Gradually the condition worsened.
The child did not take food and was unconscious. Death occurred on the 13th day after birth. '.j ir/ _Post-mortem.-No alterations of importance were found in the internal organs. In the right posterior horn there was a blood clot, the size of a ,| i. peanut (fig. 5 ). At the microscopical examination the pia-arachnoid 11 s contained a considerable number of mononuclear cells, but no polynuclear leucocytes were found and no cuffs round the vessels. At some spots heemorrhages were visible. The blood clot in the posterior horn contained pigment and showed already the beginning of organization. The architectonic of the various parts of the cortex was preserved. In several _D ,X r places calcified ganglion cells were found. Small conglomerations of glial cells were seen throughout the tissue round the ventricle, also amoeboid glia in the white substance. All over the brain dilated and hyperwmic Cortex. Normal delivery. Information about the first days of the child's life was not available. The first pathological symptoms appeared three months after birth. The child was taken into hospital, because it became ill with fever and slight diarrhcea. Shortly after admission convulsions occurred and all the extremities were spastic. The child was anamic, the number of erythrocytes was only 2,200,000. The consulting neurologist suggested the possibility of a lesion of the brain-stem. Albumin was found in the urine. At the age of 13 months the child was readmitted to hospital. According to information the rigidity had lessened at home and the fits disappeared after prescription of luminal. But gradually the general condition was getting worse. The patient was spastic and apathetic. This case was seen by me in consultation. The patient was the second child of healthy parents. The baby was full term but labour was precipitate and the mother had a rupture of the perineum. The child appeared normal, but developed epileptic fits at 71 months, when he was admitted to hospital. There was a slight increase of temperature but no objective neurological symptoms were found and the retina was normal. Lumbar puncture gave a clear fluid, there was no pleocytosis and no increase of protein. The was given. After some weeks the temperature was normal and the fits disappeared, but the child was lethargic, waking only when being fed. The lethargy gradually subsided, but the fits reappeared. The patient died at the age of 2 years and 4 months: the clinical picture was that of an acute disease with fits and high temperature. The whole clinical history will be described by Professor de Lange elsewhere.
Post-mortem (Dr. 0. H. Dijkstra).-General thrombosis of the sinuses of the brain. There was pus in both middle ears. This explained the final extensive sinus thrombosis. But we found in the left parietal lobe an old focus of malacia extending from the cortex into the white substance of the centrum semi-ovale ( fig. 7) , the latter having also a yellowish tinge. The focus spread frontally into the sensorimotor region. In the dorsal part of the right parietal lobe a similar focus was seen but of less extent.
-Histology. Much of the cortex in the left superior parietal lobe was destroyed. Here and there the so-called hollow gyri were seen. There were also many calcified ganglion cells. The leptomeninges and the damaged brain tissue showed a large number of lipoid cells. The white substance of the cortex was also destroyed here and contained numerous " Kornchenzellen" and macrophages. Less 606 30 14001,
Section of Neurology intensive changes were also seen in the right parietal lobe. These older foci bore the typical signs of a birth injury.
It is true that the epileptic fits did not start before the age of 71 months. It is, however, well known that in many cases these fits do start after a silent period. Recently Penfield and Steelman (1947) reported on 76 cases of focal epilepsy. The cause of the original lesion in their series was most often head injury, secondly birth injury and thirdly local infection. When the cause was birth injury the onset of the seizures was delayed. The authors did not see attacks in the first year of life and 82% of the patients had their first seizure after the age of 5 years. In several of their cases a local microgyria was revealed at operation, in which the number of ganglion cells within the cortex was greatly reduced. I shall briefly mention our two final specimens. The first (Case V) was a child born in Indonesia. The birth was spontaneous but difficult. The child was asphyctic, with epileptic fits immediately after birth. He was brought to Holland and admitted to our Hospital for Children's Diseases. There was hypertonia _ * s _ of the extremities with increased reflexes. The retina was normal and lumbar puncture revealed no abnormalities. The child died at the age of 7 months.
Post-MOrtem. -Microcephaly with microgyria in the region of a~the sensorimotor area on both sides. A frontal section through the brain showed many small pori ( fig. 8 ), and the brain tissue was yellowish. Histology.-The pori showed the typical picture as seen in birth injury ( fig. 9 ). In some of them the damaged brain tissue could still be seen. The Sudan-stained sections showed an accumulation of fat cells. The changes were not limited to the sensorimotor area but extended also into the frontal and parietal lobes. *~~~~I n the last case (VI) delivery was spontaneous and at term; the child was cyanosed after birth. It develope-.d a severe icterus but no real neurological symptoms and no epileptic fits. The child the cr .diedatthe agepof44weeksandatthepost-mortem examination an extensive htemorrhage was found over a great part of the right hemisphere and the medial side of the left one. Also at the base of the brain much blood was found over the 
DiscuSSION
It is not well known that a normal delivery may give rise to a serious birth injury. The appearance of convulsive seizures with symptoms of asphyxia is suspect fcr such a lesion, but this is not always so. Often a period of several months follows after birth before more serious symptoms appear, as I mentioned already in the description of our fourth case. There is no special clinical picture which is reliable in establishing the diagnosis.
Ingraham and Matson (1944) writing on subdural hxrmatoma in infancy ascribed 28 cases to a severe trauma of birth. They recorded as common physical findings convulsions, vomiting, hyper-irritability, stupor and susceptibility to infections. X-ray pictures are necessary, of course, but fractures of the skull are often missing. Therefore 31 607 608 Proceedings of the Royal Society of Medicine 32 they puncture the subdural space in the frontal suture line beyond the anterior fontanelle. This puncture often makes the diagnosis possible. Not seldom the subdural hemorrhage is bilateral, just as in our first case. In a later period the neurological syndrome also shows after their experience many variations, as spastic paresis of one or both sides, changes in the retina, mental retardation, &c.
As to the pathogenesis of the lesion of the brain at delivery we may conclude the following. Compression of the head by the contractions of the uterus may cause a general shift of the intracranial contents and rupture of the delicate bridging veins. Schwartz explains many of these lesions by the difference of pressure between the inner side of the uterus and the outer world, which pressure is suddenly altered by the delivery. The asphyxia is chiefly caused by the stowage in the veins. Now and then also general causes may have an influence, as for example vitamin-K deficiency.
In the pathological pictures it is surprising to see that the alterations of the cortex often spread much further over the hemispheres than the area of the local injury. Schwartz (1927) already mentioned the fact, that often more recent changes may be found amongst the older lesions in the cortex. Wohlwill (1936) pointed out that in these cerebra many disturbances in the circulation arise owing to traumatic alterations in the innervation of the walls of the blood-vessels, causing insufficient nourishment of the brain tissue, resulting in degeneration. Furthermore the normal and pathological stimuli of the extra-uterine life have an additional destructive influence on such processes, where once the neurovascular apparatus has been damaged.
Finally the question arises whether therapy in these children may be successful. It is proved that repeated spinal punctures are not sufficient and also that the results of treatment with vitamin K are very doubtful.
When the diagnosis of a subdural h.Tmatoma is made, removal of the blood clot by the neurosurgeon seems indicated, but-as Naffziger and Brown (1934) pointed outsudden release of the contents of the subdural hematoma sacs with resulting alteration in the intracranial pressure relationships is not tolerated well by infants. It may give rise to an acute cerebral aedema, which can be fatal. Therefore Ingraham and Matson (1944) induced the combination of early conservative and ultimate radical treatment of these lesions. They repeat the subdural taps in the frontal suture line regularly, over periods of as long as three weeks, if necessary on both sides. In their experience most of these infants improve rapidly. The next stage in treatment can then be carried out. In all cases where excessive subdural fluid has been demonstrated by these taps, bilateral trephination is carried out by a small burr hole in the temporal region. About one-third of their patients did well with repeated subdural taps and membranes of a subdural hemorrhage were not established in this group. If the presence of such a membrane has been diagnosed, a fronto-temporo-parietal osteoplastic bone flap is elevated and the solid clot is removed. In their experience the results have sufficiently improved the outlook for the children with a subdural hxmatoma.
In birth injury an early diagnosis is necessary, because otherwise irreparable alterations in the brain, as shown in our observations, make restoration of function impossible. I hope by my lecture to stimulate neurologists to focus their attention on these cases, because I am convinced that many defective neurological conditinnsz ar nnt Pndnornni hbut cauised bv hirth
